Telomeres in somatic cells are progressively shortened with aging. We investigated the relationship between the telomere length and other factors which may affect the frequency of cell divisions, in peripheral blood cells. Shortening of telomeric repeats was correlated with aging (p < 0.0001), but not with white blood cell count, neutrophil count, and smoking habit. Not only the number of cell divisions, but also some other factors, such as upregulation level of telomerase activity concomitant with the cell division in hematopoietic progenitor cells, might affect the length of telomeric repeats in blood cells.
Both ends of human chromosomes consist of repeated DNA sequences, called telomeres. It has been widely accepted that this repeated (TTAGGG)~ sequences are progressively shortened with each cell division in somatic cells, causing cellular senescence, and that the shortened telomeres can be extended by a ribonucleoprotein, telomerase, in germline cells and immortal cancer cells (Shay, 1995) . Thus, the telomere shortening in peripheral blood cells with aging has been observed, whereas there was a wide variance among individuals (Hastie et aL, 1990; Ohyashiki et al., 1994) . Recently we found that hematopoietic progenitor cells as well as lymphocytes have telomerase activity (Hiyama et aL, 1995a) , using Telomeric Repeat Amplification Protocol (TRAP) assay (Kim et aL, 1994) , and the activity in peripheral blood mononuclear cells decreases with aging. It is now
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believed that stem cells in renewal tissues, not only hematopoietic cells but also crypts of intestinal tract (Hiyama et al., 1996) and epidermis of the skin (Taylor et al., 1996) , have telomerase activity which partially compensates for the telomere shortening to provide extended proliferative capacity. To find the factors that affect the rate of telomere shortening in blood cells, we measured the telomere length in a large number of individuals and analyzed the relationship between the telomere length and age, white blood cell count, and smoking habit.
Materials and Methods
Peripheral blood samples were obtained from a total of 352 Japanese individuals. Among them, 186 (134 males and 52 females) individuals ranging 25 to 67 years old are employees of a company and 166 (153 males and 13 females) individuals ranging 62 to 95 years old are former workers in a poison gas factory at Ookuno-jima island during World War I1. Blood was drawn for seasonal health examination and the remaining portion was used for this study.
Genomic DNA was extracted from total blood cells using DNA Extractor WB Kit TM (Wako). Five micrograms of DNA was digested to completion with Hinfl, subjected to electrophoresis on l% agarose gels, blotted onto nitrocellulose filters, and then hybridized to a [y-a2P]ATP labeled (TTAGGG)4 probe at 50~ as previously described (Hiyama et al., 1995b) . The filters were washed in 4 x S S C (1)4 •0.15 M NaC1, 0.015 M sodium citrate) and 0.1% SDS at 55~ four times and exposed to X-ray film (Fig. 1) . The mean length of telomeric repeats was estimated "~"q,11"-'l',-'~ 
Non-smoker
Relationships between the mean length oftelomeric repeats in peripheral blood cells and other factors: age (A, n=352), white blood cell counts (B, n= 165), neutrophil counts (C, n= 165), and smoking habit (D, n= 166). Shortening of telomeric repeats was correlated with aging (p<0.0001), but not with white blood cell counts, neutrophil counts, and smoking habit.
as the peak of the smear signals visually determined and confirmed by densitometer (ATTO) or BAS 2000 (Fuji). The relationships between the mean length of telomeric repeats and the age, white blood cell counts, neutrophil counts, and smoking habit were compared.
Results
Although the mean length of telomeric repeats in peripheral blood cells varied over a wide range as previously reported, it shortened with age (n=352; m---31 bp/year; r=0.291; p<0.0001, Fig. 2A ). When it was analyzed separately among the 186 employees and the 166 former workers in the poison gas factory, the tel 9
shortening with aging was also statistically significant in both (n= 186; m---63 bp/year; r=0.339; p <0.0001 and n= 166; m-----52 bp/year; r=0.186; p< 0.0001, respectively). When the mean length of telomeric repeats in peripheral blood ceils was compared with the number of white blood cells (25_<y_<67; n--165; r=0.060, Fig. 2B ) and with that of neutrophils (25<_y~<67; n= 165; r-0.080, Fig. 2C ) in !65 individuals among the 186 employees, no significant relationship was observed. When the mean length of telomeric repeats in peripheral blood cells was compared with the smoking habit, as a chronic stimulatory factor over 40 years, in the 166 former workers in the poison gas factory (62<y<95), no significant relationship was observed (Fig. 2D) . Before this analysis, we had confirmed that there was no significant difference with age between the smokers and the non-smokers (p=0.4838, Mann-Whitney's U test).
Discussion
The present result with large Japanese population (n=352) that the mean length of telomeric repeats in peripheral blood cells is shortened by 31 63 bp/year is compatible with the previous reports with relatively small population (33 42 bp/year) (Hastie et al., 1990; Ohyashiki et al., 1994) .
Based on the assumption that the life span of neutrophils is similar among individuals, we speculated that the neutrophil count would reflect the frequency of stem cell division. However, no relationship was observed between the telomere length and neutrophil counts, nor was with white blood cell count. Moreoyer, although it is known that total white blood cell and neutrophil counts increase in smokers (Bridges and Rehm, 1987) , no relationship was observed between the telomere length and smoking habit. Considering the fact that hematopoietic progenitor cells and lymphocytes have telomerase activity (Hiyama et al., 1995a) , we concluded that not only the number of cell divisions the blood cells have gone through, but also some other factors, such as upregulation level of telomerase activity concomitant with the cell division of hematopoietic progenitor cells or [ymphocytes, would affect the length of telomeric repeats in blood cells.
